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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to a microcapsule containing an amorphous water-soluble physiologically active 
substance. The present invention also relates to a process for producing It. 

BACKGROUND OF THE INVENTION 

[0002] JP-A 57-1 18512 discloses a process for producing sustained-release microcapsules of a water-soluble drug 
which comprises encapsulating the drug by coacervation phase separation. This process has the following disadvan- 
tages: (1) the water-soluble drug is leaked out to the outer aqueous phase, and the drug entrapment ratio decreases, 
and it is difficult to obtain microcapsules having a high drug content, and (2) the resulting microcapsules have many 
pores and cause a large initial drug release. Journal of Pharmaceutical Science Vol. 75. No. 8, p. 750-755 (1986) 
discloses a process for producing microspheres which comprises preparing an s/o/w type emulsion from a dispersion 
of micronized dry powder of cisplatln in a poly(dl-lacllde) solution and subjecting the emulsion to an in-water drying 
process. However, this literature fails to teach or suggest amorphous cisplatin or sustained-release of the drug over a 
long period. 

[0003] WO 95/11009 which is a document according to Art. 54(3) and (4) EPC relates to a method for the preparation 
of microspheres, involving fluidized bed drying, and a composition comprising the microspheres. In this document, the 
microspheres are prepared via a (W/0)/W emulsion and in the absence of any basic substance in the organic solvent. 
[0004] Furthermore, EP-A-0 481 732 describes a protonged release preparation and polymers thereof. Also in this 
document, the microspheres are prepared via a {W/0)/W emulsion and furthermore, It is not described that the water- 
soluble drugs must be in an amorphous form. 

OBJECTS OF THE INVENTION 

[0005] The main object of the present invention is to provide a sustained-release microcapsule that has a high en- 
trapment of a water-soluble drug and causes a small initial release. 

[0006] Another object of the present invention is to provide a process for producing the above microcapsule. 
[0007] These objects as well as other objects and advantages of the present Invention will become apparent to those 
skilled In the art from the following description with reference to the accompany drawing. 

SUMMARY OF THE INVENTION 

[0008] The present inventors have Intensively studied to achieve the above objectives. As a result, it has been found 
that a microcapsule comprising an amorphous water-soluble physiologically active substance and a polymer has a 
high entrapment of the physiologically active substance and causes a small initial release of the physiologically active 
substance. After further studies based on this finding, the present invention has been accomplished. 
[0009] The present invention provides a microcapsule comprising an amorphous water-soluble physiologically active 
substance and a polymer, which is obtainable by dispersing in an aqueous phase a dispersion of an amorphous water- 
soluble physiologically active substance in a solution of a polymer in an organic solvent which additionally contains a 
basic substance to prepare an s/o^v type emulsion and subjecting the emulsion to In-water drying; and a process for 
producing it. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Fig. 1 is a graph showing the time-course changes of the plasma levels of (S)-4-[(4-amidinobenzoyl)glycyll- 
3-methoxy-carbonylmethyl-2-oxopiperazine-1 -acetic acid (abbreviated herein as Compound A) after subcutaneous 
administration of the Compound A - containing microcapsules (20 mg/kg) to rats. The plasma level of Compound A 
(ng/ml) is plotted as ordinate and the time (day) after the administration as abscissa. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] The abbreviations of amino acids, peptides, protecting groups, etc., used herein are based on those estab- 
lished by lUPAC-lUB Commission on Biochemical Nomenclature or those commonly used in the art. When optical 
Isomers of amino acids are present, the amino acids indicate L-isomers unless othenwise indicated. 
[0012] The term "microcapsule* used herein is intended to include microspheres, microcapsules, microparticles, 
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nanoparticies, nanospheres and nanocapsules. 

[0013] The term "s/o/w type emulsion" used herein means a solid/oll/Water (solid-in-oil-in-water) type emulsion. The 
"s* phase means a solid phase and is Intended to Include micropartlcles and aqueous phases In the form of a gel. 
[0014] The present invention makes it possible to prepare a sustained-release microcapsule that contains a high 
content of a water-soluble physiologically active substance and causes a small initial release of the physiologically 
active substance. 

[0015] The amorphous physiologically active substance used in the present Invention is soluble In water. The term 
"soluble in water* or "water-soluble" means that the water-solubility of the physiologically active substance is generally 
not less than about 1 g, preferably not less than about 3 g, more preferably not less than about 5 g, per 1 00 ml of water 
at 20*C. Preferably, the physiologically active substance Is readily soluble in water. The term "readily soluble in water" 
means that the water-solubility of the physiologically active substance is not less than about 5 g, preferably not less 
than about 10 g, per 100 ml of water at 20PC. 

[0016] The physiologically active substance is not specifically limited so long as it is amorphous and water-soluble. 
Preferably, the physiologically active substance is an acidic or neutral substance. 

[0017] Examples of the physiologically active substances include peptide compounds having bfological activity, and 
other compounds used for drugs, such as antibiotics, antifungal agents, antiiipidemic agents, drugs for circulatory 
systems, anti-platelet aggregation agents, antitumor agents, antipyretics, analgesics, anti-Inflammatory agents, anti- 
tussive expectorants, sedatives, muscle relaxants, antiepileptic agents, antiulcer agents, antidepressants, antiallergic 
agents, cardiotonics, antiarrhythmic agents, vasodilators, hypotensive diuretics, antidiabetic agents, anticoagulants, 
hemostatics, antituberculous agents, hormone preparations, narcotic antagonists, bone resorption inhibitors, angto- 
genesis inhibitors, etc. 

[0018] In particular, peptide compounds which are composed of two or more amino acids are preferred. The peptide 
compounds include proteins, polypeptides, derivatives thereof, and compounds having peptide-like structures. Pref- 
erably, these compounds have molecular weights of about 200 to 20,000. The present invention is particularly useful 
for peptide compounds that require long-term administration. 

[001 9] Examples of the peptide compounds include compounds having luteinizing hormone-releasing hormone (LH- 
RH) activity, such as LH-RH and its derivative of the formula (I): 



(Pyr)Glu-R^-Trp-Ser-R2-R3-R4-Arg-Pro-R5 



wherein R, is His. Tyr, Trp or p-NHg-Phe; Rg is Tyr or Phe; R3 is Gly or a D-amino acid residue; R4 is Leu, lie or NIe; 
R5 is Gly-NH-Rg or NH-Rg in which Rg is H or lower alkyi optionally substituted with hydroxy, or salts thereof disclosed 
in U.S. Patent Nos. 3.853,837. 4,008,209, 3,972,859; G.B. Patent No. 1.423.083; Proc. Nat. Acad. Sci. USA vol 
78, pp. 6509-6512(1981). * *' 

[0020] The D-amino acid residues represented by R3 in the above formula (I) Include, for example. a-D-amino acids 
having 2 to 9 carbon atoms (e.g., D-Leu, lie, NIe. Val. Nval. Abu, Phe. Phg, Ser, Thr, Met. Ala, Trp. a-Aibu). These 
residues may have appropriate protecting groups (e.g., t-butyl, t-butoxy, t-butoxycarbonyl) that are conventionally used 
for peptide synthesis. The lower alkyl groups represented by R6 include, for example, alkyI groups having 1 to 6 carbon 
atoms, such as methyl, ethyl, propyl, butyl, etc. 

[0021] Acid salts and metal complexes of the peptide of the formula (I) can also be used in the same manner as in 
the peptide of the formula (I). 

[0022] The preferred peptide of the formula (I) is the peptide wherein R^ is His, Rg is Tyr, R3 is D-Leu, R4 is Leu and 
R5 is NHCH2"CH3, 

[0023] Other examples of the peptide compounds Include LH-RH antagonists (see U.S. Patent Nos. 4,086,219. 
4,124,577, 4,253,997, 4,317,815). Examples thereof include N-(2S-tetrahydrofuroryl)Gly-3-(2-naphthyl)-D-alanyl- 

(4-chloro)-D-Phe-3-(3-pyridyl)-D-Ala-L-Ser-N-methyl-L-Tyr-(N-£-nicotinyl)-D-Lys-L-Leu-(N-e-isopropyl)-L-Lys-L-Pro- 
D-Ala»NH2. 

[0024] Other examples of the peptide compounds include GPIIb/llla antagonists, in particular, snake venom peptides 
havmg GPIIb/llla antagonism (e.g., barbourin). peptides having the sequence Arg-Gly-Asp such as Arg-Gly-Asp-Ser 
(Arg-Gly-Asp-Ser)tetramer. Gly-Arg-Gly-Asp-Ser-Pro. cyclo-S.S-[Ac-Cys(N«.methyl)Arg-Gly-D-Asn-penicillamine]^ 
NHg) (SK&F-1 06760); compounds having similar activity to GPIIb/llla antagonism, such as (S)-4-[(4-amidinobenzoyl) 
glycyl]-3-methoxycarbonylmethyl-2.oxopiperazine-1-acetic acid, 4-(4-amidinobenzoylglycyl)-2-oxopiperazine- 
1,3-diacetic acid hydrochloride, 2-S-(n-butylsulfonylamino).3-[4-(N-piperidin-4-yl)butyloxyphenyl]-propionic acid hy- 
drochloride (MK-383). L-Tyr-N-(butyl-sulfonyl)-0-[4-(4-piperidinyl)butyl] monohydrochloride (L-700462), ethyl[4-[I4- 
(aminoiminomethyl)phenyl]amino)-1 ,4.dioxybutyl]amino-4-pentynoate (SC-56484). [1 -[N-(p-amidinophenyl)-L.Tyr]- ^ 
4-prperidinyl]acetic acid (Ro-44.9883),cyclic[D-2-aminobutyryl-N-2-methyl-L-Arg-Gly-L-Asp-3-aminomethyl-ben2oic 



3 



EP 0 709 085 B1 



10 



IS 



20 



25 



45 



50 



55 



acid] methanesulfonate (DMP 728), etc. 

[0025] Other examples of the peptide compounds inciude (S)-4-(4-guanidlno-benzoyiamino)acetyl-3-[3-(4-guanidi- 
nobenzoylamino)propyl]-2-oxoplperazlne-1 -acetic acid hydrochloride, and (S)-4-(4-amldinobenzoyl-amino)acetyl-3- 
[3-(4-amidinobenzoy!amino)propyl]-2-oxopiperazine-1 -acetic acid hydrochloride. 

[0026] In addition, other examples of the peptide compounds include polypeptides such as insulin, somatostatin, 
and somatostatin derivatives represented, for example, by the formula (11): 

H^L""Ala-Y-L-Cys-L-Lys~2-L-Phe-L-Phe-D^Trp-L^Lys-L- 
Thr~L— Phe— L~Thr— L— Ser— L— Cys— OH (II) 

wherein Y Is D-A!a, D-Ser or D-Val, 2 is Asn or Ala. or salts thereof (see U.S. Patent Nos. 4,087.390. 4,093.574, 
4.100,117 and 4,253,998). growth hormone, prolactin, adrenocorticotropic hormone (ACTH), melanocyte-stimulating 
hormone (MSH), thyrotropin-reieasing hormone (TRH) and salts thereof, and derivatives thereof represented, for ex- 
ample, by the formula (III): 



(IH) 




CONHR^' 



30 Wherein X' is a 4-, 5- or 6-membered heterocyclic group (e.g., rbutyrolactone-Y^carbonyl, L-pyroglutamyl L-N-(2-ox- 
opiperidin-e-yl-carbonyl). T is imidazol-4-yl or 4-hydroxyphenyl. 2' Is CH^ or S, Ri' and are the same'or different 
and are hydrogen or a C^.q alkyi group (e.g.. methyl, ethyl, propyl), R3" is hydrogen or an optionally substituted aralkyi 
group, or salts thereof (JP-A 50-121273, JP-A 52-116465). thyroid-stimulating hormone (TSH). luteinizing hormone 
(LH), follicle-stimulating hormone (FSH). parathyroid hormone (PTH) and derivatives thereof represented for example 

35 by the formula (VIH): ^ ' 

R^"-Val-Ser-Glu-Leu-R^-His-Asn-R^".R^"- 
40 R^-His-Leu-Asn-Ser-R^"-R^-Arg-R®"-Glu- 

R -Leu-R " -R'' -R "^-Leu-Gln-Asp-Val- 



His-Asn-R^^ (yillj 



wherein R^" is Ser or Aib, R2" is Met or a fat-soluble natural amino acid (e.g., Leu, Val, Trp), R3" is Leu, Ser, Lys or an 
aromatic amino acid (e.g.. Tyr, Trp. Phe). R^" is Gly or a D-amino acid (e.g.. D-Gly, D-Ala). RS" Lys or leu RS" is Met 
or a fat-soluble natural amino acid (e.g.. Leu, Val, Trp). RT" is Glu or a basic amino acid (e.g.. Lys, Arg) RS" is Val or 
a basic amino acid (e.g., Lys, Arg). R9" is Trp or 2-(1,3.dithiolan-2-yl)Trp, Rio" is Arg or His. Rii" is Lys or His R12" 
Lys, Gin or Leu, R13" is Phe or Phe-NHg, or salts thereof (JP-A 5-32696. JP-A 4-247034. EP-A-510662. EP-A-477885, 
EP-A-539491), an N-terminal peptide fragment (1-34 position) of human PTH (hPTH(1 -^34)) (G.W.Tregear et al., En- 
docrinotogy, 93. 1349-1353 (1973)), vasopressin, vasopressin derivatives {e.g., desmopressin [Folia Endocrinologica 
Japonica, Vol. 54, No. 5. pp. 676-691 (1978)]}. oxytocin, calcitonin, calcitonin derivatives having similar activity to 
calcitonin represented by the formula (IV): 



4 



EP 0 709 085 B1 



I I 

^ Cys-Ser-Asn-Leu-Ser-Thr-.X"-Val-Leu-Gly-LyS"Leu-Ser-Gln-Glu-Leu- 

(IV) 

His-Lys-Leu-Gln-Thr-Tyr-PrCh-Arg-Thr-Asp-Val^Gly-Ala-Gly-Thr-Pro 

10 wherein X" Is 2-aminosuberic acid, or salts thereof (Endocrinology, 1992, 131/6 (2885-2890)). glucagon, gastrin, se- 
cretin, pancreozymin, cholecystokinin, angiotensin, human placental lactogen, human chorionic gonadotropin (HCG), 
enkephalin, enkephalin derivatives of the formula (V): 

IS 
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(V) 

wherein R1- and RS" are hydrogen or a C^b alkyi group (e.g.. methyl, ethyl, propyl, butyl). R2- is hydrogen or a D-a- 
amino acid (e.g., D-Ala, D-lle), R^'" is hydrogen or an optionally substituted g aliphatic acyl group (e.g acetyl 
propionyl. butyryl), or salts thereof (see U.S. Patent No. 4,277.394 and EP-A-31 ,567), endorphin, kyotorphin. interferon 
(a-type, p-type, y-type). interleukin (I, II. Ill, VI, XI. etc.). tuftsin, thymopoietin, thymosthymlin, thymic humoral factor 
(THF). seaim thymic factor (FTS) and derivatives thereof of the formula (VI): 



35 PGIu-X--Lys-Ser-Gln-Y--Z'"-Ser-Asn-OH 



(VI) 



wherein X'" is L- or D-Ala, Y'" and Z'" are Gly or a 63.9 D-amino acid (e.g.. D<3ly, D-Ala, D-Leu). or salts thereof (see 
U.S. Patent No. 4.229,438) and other thymic factors [e.g., thymosin and P4, thymic factor X. etc.. Medicine in 
Progress. Vol. 125. No. 10. pp.835-843 (1983)]. tumor necrosis factor (TNF). colony stimulating factor (CSF) motilin 
dynorphin, bombesin, neurotensin, caerulein, bradykinin, urokinase, asparaginase, kallikrein, substance P. nerve 
growth factor, blood coagulation factors VIK and IX. lysozyme hydrochloride, polymyxin B, colistin. gramicidin baci- 
tracin, protein synthesis-stimulating peptide (G.B. Patent No. 8,232.082), gastric inhibitory polypeptide (GIP) vasoac- 
tive intestinal polypeptide (VIP), platelet-derived growth factor (PDGF), growth hormone-releasing factor (GRF soma- 
tocrinin), bone morphogenetic protein (BMP), epidermal growth factor (EGF), erythropoietin (EPO). etc 
45 [0027] Other examples of the peptide compounds include endothelin antagonists such as cyclo-{DHx-aspartyl-3-r 
{4-phenylpiperazin-1 ■yl)carbonyl]-L-alanyl-L-a-aspartyl-D-2-(2-thienyl)glycyl-L-leucy|.D-tryptophyl] sodium salt, salts 
and derivatives thereof. 

[0028] Examples of the antibiotics include gentamicin. dibekacin. kanendomycin. lividomycln. tobramycin, amikacin 
fradlomycin. sisomlcin. tetracycline hydrochloride, oxytetracycline hydrochloride, rolitetracycline, doxycycllne hydro- 
chloride, ampicillin. piperacillin, ticarcillin. cefalotin. cefalortdine. cefotiam. cefoxitin, cefsulodin, cefmenoxime, cefmeta- 
zole, cefazolin, cefotaxime, cefoperazone. ceftizoxime, moxolactam, thienamycin. sulfazecin, azusleonam, etc 
[0029] Examples of the antifungal agents include 2-[(1R.2R)-2-(2.4-difluorophenyl)-2-hydroxy-1.methyl-3-(1H- 
1 .2,4-tnazol-1 -yl)propyl]-4-[4-(2,2,3.3-tetraflu6ropropyl)phenyl]-3(2H,4H)-1 .2,4-triazolone, etc. 
[0030] Examples of the antillpidemic agents include pravastatin, simvastatin, etc. 
55 [0031] Examples of the drugs for circulatory systems include delapril hydrochloride, etc. 

[0032] Examples of the anti-platelet let aggregation agents include ticlopidine, cilostazol, alprostadil, limaprost dipy- 
ridamole, ethyl icosapentaenoate, beraprost, ozagrel. aspirin, etc. 

[0033] Examples of the antitumor agents include bleomycin hydrochloride, methotrexate, actinomycin D. mitomycin 
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C, Vinblastine sulfate, vincristine sulfate, daunorubicin hydrochloride, adriamycin, neocarzinostatin, cytosine arablno- 
slde, fluorouracil, tetrahydrofuryl-5-fluorouracil. krestin, picibanil. lentinan, levamisole, bestatin, azimexon. glycyrrhizin, 
poly l:C, poly A:U, poly ICLC. etc. 

[0034] Exanfiples of the antipyretics, analgesics and anti-inflammatory agents include sodium salicylate, sulpyrine, 
5 sodium flufenamate, diclofenac sodium, indomethacin sodium, morphine hydrochloride, pethidine hydrochloride, lev- 
orphanol tartarate, oxymorphone, etc. 

[0035] Examples of the antitussive expectorants include ephedrine hydrochloride, methylephedrine hydrochloride, 
noscapine hydrochloride, codeine phosphate, dihydrocodeine phosphate, alloclamide hydrochloride, chlorphezianol 
hydrochloride, picoperidamine hydrochloride, cloperastine, protokylol hydrochloride, isoproterenol hydrochloride, salb- 
10 utamol sulfate, terebutaline sulfate, etc. 

[0036] Examples of the sedatives include chlorpromazine hydrochloride, prochlorperazine, trifluoperazine, atropine 
sulfate, methylscopolamine bromide, etc. 

[0037] Examples of the muscle relaxants include pridinol methanesulfonate, tubocurarine chloride, pancuronium 

bromide, etc. 

[0038] Examples of the antiepileptic agents include phenytoln sodium, ethosuxinfilde. acetazolamide sodium, chlo- 
rdiazepoxide hydrochloride, etc. 

[0039] Examples of the antiulcer agents include metoclopramlde, histidine hydrochloride, etc. 
[0040] Examples of the antidepressants include imipramine, clomipramine, noxiptilin, phenelzine sulfate, etc. 
[0041] Examples of the antiallergic agents include diphenhydramine hydrochloride, chlorpheniramine maleate. tripe- 
lennamine hydrochloride, methdilazine hydrochloride, clemizole hydrochloride, diphenylpyrallne hydrochloride, meth- 
oxyphenamine hydrochloride, etc. 

[0042] Examples of the cardiotonics include transbioxocamphor, theophyllol, aminophylline, etilefrine hydrochloride, 
etc. 

[0043] Examples of the antiarrhythmic agents include propranolol hydrochtoride, alprenolol hydrochloride, bufetolol 
25 hydrochloride, oxyprenolol hydrochloride, etc. 

[0044] Examples of the vasodilators include oxyfedrine hydrochloride, diltiazem hydrochloride, tolazollne hydrochlo- 
ride, hexobendine, bamethan sulfate, etc. 

[0045] Examples of the hypotensive diuretics include hexamethonium bromide, pentolinium, mecamylamine hydro- 
chloride, ecarazlne hydrochloride, clonidine hydrochloride, etc. 
30 [0046] Examples of the antidiabetic agents include glymidine sodium, glipizWe, phenformin hydrochloride, buformin 
hydrochloride, metformin, etc. 

[0047] Examples of the anticoagulants include heparin sodium, sodium citrate, etc. 

[0048] Examples of the hemostatics include thromboplastin, thrombin, menadione sodium bisulfite, acetomenaph- 
thone, e-aminocaproic acid, tranexamic acid, carbazochrome sodium sulfonate, adrenochrome monoaminoguanidrne 
35 methanesulfonate, etc. 

[0049] Examples of the antituberculous agents include Isoniazid. elhambutol, sodium para-aminosalicylate, etc. 
[0050] Examples of the hormone preparations include prednisolone succinate, prednisolone sodium phosphate, dex- 
amethasone sodium sulfate, betamethasone sodium phosphate, hexoestrol phosphate, hexoestrol acetate methima- 
zole, etc. 

[0051] Examples of the narcotic antagonists Include levallorphan tartrate, nalorphine hydrochloride, naloxone hy- 
drochloride, etc, 

[0052] Examples of the bone resorption inhibitors include (sulfur-containing aIkyl)aminomethylenebisphosphonic ac- 
id, 4-phenoxybutylaminomethylene-1,1-bisphosphonate disodium salt, etc. 

[0053] Examples of the angiogenesis inhibitors include angiostatic steroids [see Science, 221, 9 (1 983)), fumagillin 
(see EP-A-325, 1 99), fumaglllol derivatives (e.g., 0-monochloroacetylcarbamoylfumagillol, O-dichloroacetylcarbamoyl- 
fumagillol, etc. (see EP-A-357,061 , EP-A-359,036. EP-A-386.667, EP-A-41 5,294). etc. 

[0054] The physiologically active substance may be distinct entity or In the form of any possible pharmaceutical salts 
thereof including particular salts described above. When the physiologically active substance has a basic group such 
as amino groups, it may form salts such as those with carbonic acid, hydrochloric acid, sulfuric acid, nitric acid, citric 
acid, maleic acid, tartaric acid, succinic acid, methanesulfonic acid, etc. When the phystologically active substance 
has an acidic group such as a carboxyl group, it may form salts such as those with alkaline metals (e.g.. sodium, 
potassium, etc.), organic amines (e.g.. triethylamine, etc.) or basic amino acids (e.g., arglnine, etc.). 
[0055] The amount of the water-soluble physiologically active substance to be used varies with factors related to the 
particular kind of physiologically active substance, desired pharmacological activity, duration time, etc. The concentra- 
tion of the physiologically active substance in the solution of a polymer in an organic solvent is about 0.001 to 90% 
(W/W), preferably about 0.01 to 80% (W/W), more preferably about 0.01% to 70% (W/W). 

[0056] The physiologically active substance is preferably used in the form of microparticles. The average particle 
size of the physiologically active substance is generally about 1 nm to about 1 0^im, preferably about 1 nm to about 1 ^m. 
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[0057] The polymer to be used in the present Invention is a slightly water-solubie or water-insoluble polymer having 
biocompatibility. Examples of the polymers include biodegradable polymers such as poly fatty acid esters (e.g., poly- 
lactic acid, polyglycolic acid, polycitric acid, polymalic acid, polylactic acid caprolactone, etc.), poly-a-cyanoacrylic acid 
esters, poly-p-hydroxybutyric acid, polyalkylene oxalates (e.g., polytrlmethylene oxalate, polytetramethylene oxalate, 
etc.), poly ortho esters, poly ortho carbonates and other polycarbonates (e.g., polyethylene carbonate, polyethylene- 
propylene carbonate, etc.), polyamino acids (e.g., poly-y-benzyl-L-glutamic acid. poly-L-alanine, poly-y-methyl-L- 
glutamic acid, etc.), hyaluronic acid esters, etc. Other biocompatible copolymers include polystyrene, polymethacrylic 
acid, copolymer of acrylic acid and methacrylic acid, polyamino acids, dextran stearate. ethylcellulose, acetylceHulose, 
nitrocellulose, maleic anhydride copolymers, ethylene-vinylacetate copolymer, polyvinylacetate, polyacrylamide, etc. 
[0058] These polymers may be used alone or in combination thereof. They may be used in the form of a copolymer 
or a mixture of these two or more polymers. They may also be in the form of salts thereof. 

[0059] Among these polymers, biodegradable polymers are particularly preferred for injections. In the case of lactic 
acid/glycolic acid copolymer (PLGA), for example, the biodegradability (i.e., degradability in living bodies) is defined 
as the percentage (w/w) of water-soluble low-molecular weight fragments degraded from PLGA based on PLGA and 
it should be more than 1 0% in one year after subcutaneous or intramuscular administration, preferably more than 80% 
in three months after subcutaneous or intramuscular administration. The biodegradable polymer is preferably a poly- 
ester. Prefen-ed examples of the biodegradable polymers Include polymers or copolymers of hydroxycarboxylic acids 
or mixtures thereof. 

[0080] The hydroxycarboxylic acids are not specifically limited, but preferably hydroxycarboxylic acids of the formula 
(VII): 



R 

I (VII) 
HOCHCOOH 



wherein R is hydrogen or an alky! group. 

[0061] Preferred examples of the alkyi groups represented by R in the above formula are stralght<;hain or branched 
alkyl groups having 1 to 8 carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl. Isobutyl, tert-butyl, pentyl, 
hexyl, heptyl, octyl, etc. In particular, straight-chain or branched alkyl groups having 1 to 3 carbon atoms are preferred! 
[0062] Preferred examples of the hydroxycarboxylic acids are glycolic acid, lactic acid, hydroxybutyric acid (e.g.. 
2-hydroxybutyric acid), 2'-hydroxyvaleric acid. 2-hydroxy-3-methy I butyric acid, 2-hydroxycaproic acid, 2-hydroxyisoc! 
aproic acid. 2-hydroxy-caprylic acid, etc. Glycolic acid, lactic acid, 2-hydroxybutyric acid. 2-hydroxy-3-methylbutyric 
acid and 2-hydroxycaproic acid are more preferred. In particular, glycolic acid, lactic acid and 2-hydroxybutyric acid 
are preferred. When these hydroxycarboxylic acids exist as D-isomers. L-isomers or racemic mixtures thereof, any 
one of them may be used. Preferably, racemic mixtures thereof are used. 

[0063] The copolymers may be any of random, block and graft copolymers. The copolymer is preferably a glycolic 
acid copolymer that degrades in living bodies relatively rapidly and has a release period of not more than one month 
when used alone. In particular, lactic acid/glycolic acid copolymer and hydroxybutyric acid/glycolic acid copolymer are 
preferred. 

[0064] The polymer to be used in the present invention can be synthesized by general synthetic methods as. for 
example, disclosed in JP-A 61-28521 without any problems. 

[0065] In general, the weight-average molecular weightof the polymer to be used In the present invention Is preferably 
about 2,000 to about 800,000. more preferably about 5.000 to about 200,000. 

[0066] When lactic acid/glycolic acid copolymer Is used as the above polymer, the molar ratio of lactic acid/glycolic 
acid is preferably 100/0 to 25/75. more preferably 100/0 to 50/50. The weight-average molecular weightof lactic acid/ 
glycolic acid copolymer is preferably about 5.000 to about 30,000, more preferably about 5,000 to 20,000. 
[0067] When hydroxybutyric acid/glycolic acid copolymer (e.g., 2-hydroxybutyric acid/glycolic acid copolymer) is 
used as the above polymer, the molar ratio of hydroxybutyric acid/glycolic acid is preferably 100/0 to 25/75, more 
preferably 100/0 to 50/50. In particular, the molar ratio of 2-hydroxybutyric acid/glycolic acid is preferably about 60/40 
to about 30/70. The weight-average molecular weight of hydroxybutyric acid/glycolic acid copolymer is preferably about 
5.000 to about 25.000, more preferably about 5,000 to about 20,000. 

[0068] When butyric acid/glycolic acid copolymer is used as the above polymer, the molar ratio of butyric acid/glycolic 
acid is preferably about 100/0 to 25/75. 

[0069] When a mixture of polylactic acid (A) and glycolic acid/2-hydroxybutyric acid copolymer (B), for example, is 
used as the above polymer, the mixing ratio represented by (A)/(B) is in the range of about 10/90 to about 90/10 by 
weight, preferably about 25/75 to about 75/25 by weight. The weight-average molecular weight of polylactic acid is 
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preferably about 5,000 to about 30,000, more preferably about 6,000 to about 20,000. 

[0070] The molecular weight used herein means a molecular weight indicated as the molecular weight of polystyrene 
which Is determined by gel permeation chromatography (GPC) using polystyrene as the standard material. The deter- 
mination was carried out using GPC column KF 804L x 2 (manufactured by Showadenko. Japan) and using chloroform 

as the mobile phase. 

[0071] The polydispersity of the polymer is defined as the value of weight average molecular weight/ number average 
molecular weight and It should be between 1 and 3.5, preferably between 1 .6 and 2.5. 

[0072] The amount of the polymer to be used depends upon the degree of the pharmacological activity, release rate 
and release period of the physblogically active substance, etc. For example, the polymer is used as the microcapsule 
base in an amount of about 0.2 to about 10,000 times by weight, preferably about 1 to about 1,000 times by weight, 
the weight of the physiologically active substance. 

[0073] The concentration of the polymer in the oil phase is selected from the range of about 0.5% to about 90% (W/ 
W), preferably about 2% to about 60% (WW). 

[0074] In order to inhibit the initial release of the physiologically active substance from the microcapsules, it is ad- 
vantageous to add basic substances or oils and fats to the solution of a polymer In an organic solvent. The basic 
substances include, for example, basic amino acids such as L-arginine, N-methylglucamine, L-lysine, etc. In particular, 
L-arginine or N-methylglucamine is prefen-ed. The oils and fats Include, for example, vitamin E, intermediate fatty acids 
(e.g., miglyols), cholesterol, phospholipids, etc. The concentration of the basic substance in the solution of a polymer 
In an organic solvent is about 0.01 % to about 20% (W/W), preferably about 0.1% to about 5% (W/W). more preferably 
about 0.1 % to about 3% (W/W). The concentration of the oils and fats in the solution of a polymer in an organic solvent 
is about 0.01 % to about 30% (W/W), preferably about 0.1 % to about 20% (W/W), more preferably about 0.2% to about 
10% (W/W). 

[0075] In the present invention, the aqueous phase preferably also contains an osmotic pressure adjuster. Any os- 
motic pressure adjuster can be used so long as it produces osmotic pressure in an aqueous solution thereof. 
[0076] Examples of the osmotic pressure adjusters include water-soluble polyhydric alcohols; water-soluble mono- 
hydric alcohols; water-soluble inorganic materials (e.g., inorganic salts); water-soluble monosaccharides, disaccha- 
rides, oligosaccharides and polysaccharides or their derivatives; water-soluble organic acids or salts thereof; water- 
soluble amino acids; water-soluble peptides, proteins or their derivatives; etc. Preferred examples thereof are water- 
soluble polyhydric alcohols; water-soluble Inorganic acids; water-soluble monosaccharides, disaccharides, oligosac- 
charides and polysaccharides or their derivatives; and water-soluble organic acids and their salts. In particular, salte. 
water-soluble polyhydric alcohols and water-soluble inorganic acids are preferred. 

[0077] Examples of the above water-soluble inorganic salts include alkaline metal halides such as potassium chlo- 
ride, sodium chloride, potassium bromide, sodium bromide, potassium iodide, sodium iodide, etc.; alkaline earth metal 
halides such as calcium chloride, magnesium chloride, etc.; alkaline metal sulfates such as sodium sulfate, potassium 
sulfate, etc.; alkaline earth metal sulfates such as magnesium sulfate, calcium sulfate, etc.; alkaline metal phosphates 
such as potassium dihydrogenphosphate. dipotassium hydrogenphosphate, potassium phosphate, sodium dihydro- 
genphosphate. disodium hydrogenphosphate, sodium phosphate, etc. In particular, sodium chloride is preferred. 
[0078] Examples of the above water-soluble polyhydric alcohols Include dihydric alcohols (e.g.. glycerin, etc.), pen- 
tahydrlc alcohols (e.g., arabttol, xylitol, adonitol. etc.), hexahydric alcohols (e.g.. mannitoi, sorbitol, etc.), etc. in partic- 
ular, hexahydric alcohols are preferred. 

[0079] Examples of the water-soluble monohydric alcohols include methanol, ethanol, isopropyl alcohol etc In par- 
ticular, ethanol is preferred. 

[0080] Examples of the above water-soluble monosaccharides include pentoses (e.g., arabinose, xylose, ribose, 
2-deoxy-ribose, etc.) and hexoses (e.g., glucose, fructose, galactose, mannose, sorirose. rhamnose, fucose ete ) In 
partteular, hexoses are preferred. 

[0081] Examples of the above water-soluble disaccharides include maltose, oelbbiose. a-trehalose, lactose, su- 
crose, etc. In particular, lactose and sucrose are preferred. 

[0082] Examples of the above water-soluble oligosaccharides include trisaccharides (e.g., maltotrtase, raffinose 
etc.) and tetrasaccharides (e.g.. stachyose. etc.). In particular, trisaccharides are preferred. 
[0083] Examples of the above water-soluble polysaccharides include glucans such as cellulose, starch, glycogen, 
etc., galacluronan such as pectic acid, etc., mannuronan such as alginic acid, etc.. fructans such as inulin, levan, etc ' 
N-acetylglycosamine polymers such as chitin. etc., xylans such as xylan of rice straw, etc., diheteroglucans such as 
mannan. glucomannan, galactomannan, hyaluronic acid, chondroitin sulfate, heparin, etc. In particular, glucans and 
diheteroglucans are preferred. 

[0084] Examples of the derivatives of the above water-sofuble monosaccharides, disaccharides, oligosaccharides 
and polysaccharides include glucosamine, galactosamine. glucuronic acid, gaiacturonic acid, etc. 
[0085] Examples of the above water-soluble organic acids or salts thereof include citric acid.' tartaric acid, malic acid, 
alkaline metal (e.g.. sodium, potassium, etc.) salts thereof, etc. 
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[0086] Examples of the above water-soluble amino acids include neutral amino acids such as glycine, alanine, valine, 
leucine, isoleucine, phenylalanine, tyrosine, tryptophan, serine, threonine, proline, hydroxyproline, cysteine, methio- 
nine, etc.; acidic amino acids such as aspartic acid, glutamic acid, etc.; basic amino acids such as lysine, arginine, 
histidine, etc. Salts of these water^oluble amino acids with acids (e.g., hydrochloric acid, sulfuric acid, phosphoric 
5 add, etc.) or all^alis (e.g., alkaline metals such as sodium, potassium, etc.) can also be used. 

[0087] Examples of the water-soluble peptides, proteins or their derivatives include casein, globulin, prolamin, albu- 
min, gelatin, etc. 

[0088] These osmotic pressure adjusters can be used alone or in combination thereof. When the osmotic pressure 
adjuster is a non-inonic material, the concentration of the osmotic pressure adjuster in the outer aqueous phase is 
10 about 0.001% to about 60% (W/W), preferably about 0.01 to about 40% (W/W), more preferably about 0.05 to about 
30% (W/W). When the osmotic pressure adjuster is an ionic material, it is used in a concentration calculated by dividing 
the above concentration by the total ionic valency. The osmotic pressure adjuster may be added so that their concen- 
tration exceeds their solubility, and a part of It may be dispersed. 

[0089] The microcapsules of the present invention can be prepared by an s/o/W type in-water drying process, for 
IS example, as follows. 

[0090] Initially, an amorphous water-soluble physiologically active substance is dispersed in a solution of a polymer 
in a water-insoluble organic solvent, and the resulting dispersion is mixed well to obtain an s/o type emulston. In the 
emulsion, the physiologically active substance is substantially homogeneously dispersed in the polymer solution. 
[0091] If the water-soluble physiologically active substance is available in amorphous form, it can be used as it is. 
Even if it is available in crystalline form, however, it can be used after making it amorphous. The amorphous water- 
soluble physiologically active substance is preferably obtained from an aqueous solution, preferably a dilute aqueous 
solution, of a water-soluble physiologically active substance by a rapid drying process such as freeze drying or spray 
drying. As described above, the amorphous water-soluble physiologically active substance Is preferably used in the 
form of micropartlcles, and the average particle size of the physiologically active substance is generally about 1 nm to 
about 10 >im, preferably about 1 nm to about 1 jim. If the physiologically active substance is available in the form of 
micropartlcles, it can be used as it is. If not, it can be used after pulverizing It to micropartlcles by conventional methods 
such as the jet mill method, atomization, or ball mill method. 

[0092] The water-Insoluble organic solvent is not specifically limited so long as it dissolves the polymer and is Insol- 
uble in water. Examples of the water-insoluble organic solvents include halogenated hydrocarbons (e.g., dichtorometh- 
ane, chloroform, dichlorohexane, chtoroethane, dichloroethane, trichloroethane. carbon tetrachloride, etc.), esters (e. 
g., ethyl acetate, etc.), ethers (e.g., ethyl ether, etc.). aromatic hydrocarbons (e.g., benzene, toluene, etc.).' hydrocar- 
bons (e.g., n-pentane. n-hexane, etc.), etc. 

[0093] The emulslflcation of the above s/o type emulsions can be carried out by conventional dispersion techniques 
such as intermittent shaking, mixing by means of a mixer (e.g.. propeller agitator, turbine agitator, etc.), colloid mill 
operation, mechanical homogenization, ultrasonication. etc. In this case, it is advantageous to use the above water- 
insoluble organic solvent in combination with a water-soluble organic solvent The water-soluble organic solvent is not 
specifically limited so long as it is soluble in water and miscible with the above water-insoluble organic solvent Examples 
of the water-soluble organic solvents include alcohols (e.g.. methanol, ethanol. propyl alcohol, isopropyl alcohol, etc.), 
acetone, acetonitrlle. etc. In the s/o type emulsions, it is preferredthat the physiologically active-substance be dispersed 
in the form of fine microparticles having an average particle size of about 1 nm to about 10 nm, preferably about 1 nm 
to about 1 ^m. 

[0094] The s/o type emulsion thus prepared is subjected to in-water drying in an aqueous phase. Preferably, the 
aqueous phase contains an osmotic pressure adjuster in the concentration noted above. That is, the oil phase is added 
to the second phase (aqueous phase) to form an s/o/w type emulsion, followed by removal of the solvent in the oil 
phase to prepare microcapsules. The second phase (aqueous phase) may contain an emulsifying agent Any emulsi- 
fying agent can be used so long as it generally forms stable o/W type emulsions. Examples thereof include anionic 
surfactants (e.g., sodium oleate, sodium stearate, sodium laurate, etc.); nonionic surfactants such as polyoxyethyle- 
nesorbitan fatty acid esters (e.g., TWEEN 60. TWEEN 80 (Atlas Powder Co.), etc.), polyoxyethylene castor oil deriv- 
atives (e.g., HCO-60, HCO-50 (Nikko Chemicals), etc.), polyvinyl pyrrolidone, polyvinyl alcohol, carboxymethyl cellu- 
lose, lecithin, gelatin, etc. These emulsifying agents can be used alone or in combination thereof. They are used in a 
concentration appropriately selected from the range of about 0.01% to about 20% (W/W). preferably about 0 05% to 
about 10% (W/W). 

[0095] The solvent in the oil phase can be removed by conventional methods, for example, by stirring the emulsion 
with a propeller-type stin-er, magnetic stirrer, etc.. under atmospheric pressure or gradually reduced pressure, or by 
evaporating the solvent while controlling the degree of vacuum by using a rotary evaporator, etc. In this case,' when 
solidiflcatfon of the polymer proceeds to some degree and the loss of the physiologically active substance caused by 
its release from the internal phase is decreased, the s/o/w type emulsion may be warmed gradually to remove the 
solvent completely. This operation shortens the removal time. Alternatively, when the polymer is thickened and solidified 
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by methods other than those based on temperature, the solvent may be removed by merely allowing the s/oAv type 
emulsion to stand with stirring, or by warming the emulsion, or by spraying nitrogen gas, etc. This step of removing 
the solvent is Important and greatly influences the surface structure of microcapsules that controls the release of the 
physiologically active substance. For example, rapid removal of the solvent produces many or larger pores on the 
surface, thereby Increasing the release rate of the physiologically active substance. 

[0096] The microcapsules thus obtained are collected by centrifugation or filtration. Then, the free physiologically 
active substance, carriers for the substance, etc., attached onto the surface of the microcapsules are washed off with 
distilled water repeatedly several times. Water and solvent in the microcapsules are completely dried under reduced 
pressure, if necessary, with warming. 

[0097] The microcapsules thus obtained are screened. If necessary after light pulverization, to remove microcapsules 
which are too large. The microcapsule size varies with the desired degree of prolonged release. When the microcap- 
sules are used as suspenstons, the microcapsule size can be in the range which satisfies their dispersibility and needle 
pass requirements. For example, the average diameter is preferably in the range of about 0.5 to about 400 jim, more 
preferably about 2 to about 200 ^im. 

[0098] The microcapsules of the present Invention can be administered as injections or implants intramuscularly 
subcutaneously. or into blood vessels, organs, cava articulare or foci such as tumor. In addition, they can be adminis- 
tered after processing them to form various preparations. They can also be used as raw materials in the production of 
such preparations. 

[0099] The above preparations include injections, oral preparations (e.g., powders, granules, capsules, tablets, etc.), 
nasal preparations, suppositories (e.g., rectal suppositories, vaginal suppositories, etc.), etc. 
[0100] When the microcapsules of the present invention are processed Into injections, the microcapsules are dis- 
persed in an aqueous vehicle together with a dispersing agent (e.g.. TWEEN 80, HCO-60 (manufactured by Nil^ko 
Chemicals), carboxymethylcellulose, sodium alginate, etc.), a preservative (e.g.. methylparaben, propylparaben, ben- 
zyl alcohol, chlorobutanol, etc.), a tonicity agent (e.g., sodium chloride, glycerin, sorbitol, glucose, etc.), etc., to prepare 
aqueous suspensions. They may also be dispersed in a vegetable oil (e.g., olive oil. sesame oil, peanut oil, cottonseed 
oil, corn oil. etc.), propylene glycol, etc.. to prepare oily suspensions. In this manner, sustained-release injections can 
be prepared. 

[0101] In addition to the above components, excipients (e.g.. mannitol, sorbitol, lactose, glucose, etc.) may be added 
to the above sustained-release microcapsule injections as suspensions. After redispersion, the injections are solidified 
by freeze drying or spray drying, and distilled water for injection or an appropriate disperser may be added just before 
use. In this manner, more stable sustained-release injections can be obtained. 

[0102] The microcapsules of the present Invention can be processed into tablets by conventional methods. For ex- 
ample, to the microcapsules are added an excipient (e.g., lactose, crystalline cellulose, sucrose, starch such as corn 
starch, etc.). a disintegrating agent (e.g.. starch such as corn-starch, croscarmellose sodium, carboxymethylstarch 
sodium, calcium carbonate, etc.), a binder (e.g., crystalline cellulose, acacia, dextrin, carboxymethylcellulose, polyvinyl 
pyrrolidone, hydroxypropylcellulose, etc.) or a lubricant (e.g.. talc, magnesium stearate, polyethylene glycol 6000. etc.) 
etc. Then the mixture is compressed for shaping. ' * 

[0103] The microcapsules of the present invention can be processed into solid, semi-solid or liquid nasal preparations 
by conventional methods. For example, the solid nasal preparations can be prepared as powdery compositions from 
the mirocapsules as they are or together with an excipient (e.g., glucose, mannitol, starch, microcrystalllne cellulose 
etc.). thickener (e.g., natural gum, cellulose derivatives, poly aery fates, etc.). etc. The liquid nasal preparations can be 
prepared as oily or aqueous suspensions in substantially the same manner as in Injections. The semi-solid nasal 
preparations are preferably aqueous or oily gels or ointments. In any case. pH adjusters (e.g.. carbonic acid, phosphoric 
acid, citric acid, hydrochloric acid, sodium hydroxide, etc.). presen/atives (e.g.. p-hydroxybenzolc acid esters, chlorob- 
utanol, benzalkonium chloride, etc.), etc.. may be added. 

[0104] The microcapsules of the present invention can be processed into oily or aqueous solid suppositories semi- 
solid or liquid suppositories by ^er se known methods. The oleaginous bases for the above composition are not spe- 
cifically limited so long as they do not dissolve the microcapsules. Examples thereof include higher fatty acid glycerides 
[e.g., cacao butter. Witepsol (Dynamit-Nobel, Germany), etc.], intermediate fatty acids (e.g., Miglyol (Dynamlt-Nobel) 
etc.], vegetable oils (e.g., sesame oil, soybean oil, cottonseed oil, etc.). etc. The aqueous bases include for example 
polyethylene glycol and propylene glycol. The aqueous gels include, for example, natural gum, cellulose derivatives' 
vinyl polymers, polyacrylates, etc. ' 
[01 05] Because the microcapsule of the present Invention releases a certain amount of physiologically active sub- 
stances over a long period. It has low toxicity and exhibits stable efficacy. Thus, the microcapsule can be a safe and 
effective sustained-release preparation. For example, although GPIIb/llla antagonists have a bleeding tendency as a 
side effect, the microcapsule of the present invention can maintain nontoxic effective concentrations of the GPIIb/llla 
antagonists over a long period. Thus, the microcapsule of the present invention can safely be used for treating various 
diseases such as diseases in the circulatory system (e.g.. thrombosis, transient cerebral ischemic attack, cerebral 
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thrombosis (acute phase), chronic arterial obstruction, extremital arterial thrombosis, pulmonary thromboembolism, 
cardiac infarction, cerebral Infarction, hypertension, hyperlipemia), ulcer, asthma, bacterial or fungal infections, tumor. 
Inflammatory diseases, epilepsy, depression, allergic diseases, arrhythmia, diabetes, tuberculosis, osteoporosis, etc., 
In mammals such as mice, rats, horses, cattle, humans, etc., depending upon the pharmacological activity of the phys* 
lologically active substances. Preferably, the microcapsule of the present invention are used for treating diseases in 
the circulatory system, in particular thrombosis, transient cerebral ischemic attack, cerebral thrombosis, chronic arterial 
obstruction, extremital arterial thrombosis, pulmonary thromboembolism, cardiac infarction, or cerebral Infarction, and 
for maintenance therapy after treatment of the infarctions. 

[0106] The therapeutic dose of the microcapsules or their preparations of the present invention varies depending 
upon such factors as the kind and content of physiologically active substance as an active ingredient, dosage forms, 
duration of the release of the active ingredient, recipient animals, and purposes of treatment. It is, however, sufficient 
to ensure that the effective therapeutic dose of the active ingredient will be administered. For example, the unit dose 
for an adult (body weight: 50 kg) may be selected from the range of about 1 mg to about 10 g, preferably about 10 mg 
to about 2 g, calculated as the weight of the microcapsules. In the case of administration of the above injections, the 
volume of the suspension can be selected from the range of about 0.1 to about 5 ml, preferably about 0.5 to about 3 ml. 
[0107] Thus, pharmaceutical compositions can be prepared as the microcapsules which comprises a physiologically 
active substance in an effective therapeutic amount that Is larger than a conventional unit dose and a biocompatible 
polymer and which can achieve sustained-release of the physiologically active substance over a long period. 
[0108] The microcapsules of the present invention have, for example, the following advantages: 

(1) An amorphous water-soluble physiologically active substance can be entrapped into the microcapsules more 
efficiently than in conventional processes such as the coacervation phase separation process. 

(2) The initial drug release after administration of the microcapsules can be reduced. 

(3) Because the total dosage in preparations can be reduced by using the microcapsules containing high contents 
of physiologically active substances, pain or topical irritation, for example, at a subcutaneously administered site 
can be relieved. 

[01 09] The following examples and comparative examples further illustrate the present invention In detail but are not 
to be construed to limit the scope thereof. In the examples, all the percents (%) are indicated as weightAiveight percents 
unless otherwise indicated. 

Comparative Example 1 

Method A: 

[0110] The anti platelet aggregation agent (S)-4-[(4-amidinobenzoyl)glycyl]-3-methoxy-carbonylmethyl-2-oxoplper- 
azine-l -acetic acid (abbreviated herein as Compound A) in amorphous form (450 mg) obtained by freeze drying was 
dispersed in a solution of lactic acid/glycolic acid copolymer (lactic acld/glycolic acid = 75/25, average molecular weight 
calculated as polystyrene = 10500) (4.05 g) in dichloromethane (4 ml). The drug in the dispersion was pulverized to 
microparticles using Polytron. a homogenizer manufactured by Kinematica, Switzerland. Then, s/o/w type emulsions 
were prepared using a homogenizer in 0.2 (w/v)% aqueous PVA (polyvinyl alcohol) solution (800 ml) containing 2.7 
(w/v)% sodium chloride. Then, the emulsions were slowly stirred with a conventional propeller agitator for 3 hours. 
After dichloromethane vaporized from the microcapsules and the microcapsules hardened, the microcapsules were 
collected by centrifugation and at the same time washed with purified water. The collected microcapsules were freeze- 
drled for a day to obtain powdery microcapsules. 

Method 8: 

[0111] Compound A in crystalline form (450 mg) was dispersed in the above solution of lactic acid/glycollc acid 
copolymer (4.05 g) in dichloromethane (4 ml), the drug in the dispersion having been pulverized to microparticles using 
Polytron homogenizer. Then, s/o/w type emulsions were prepared using a homogenizer in 0.2 (w/v)% PVA aqueous 
solution (800 ml) containing 2.7 (w/v)% sodium chloride. Thus, powdery microcapsules were obtained in the same 
manner as that described above. 

[0112] Table 1 shows the properties of the microcapsules obtained by the above two methods. Compound A in 
amorphous form Increased the drug entrapment. 
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Table 1 



Method 


Drug 


Content 


Entrapment 


A 


Freeze-dried amorphous 


9.2% 


92% 


B 


Crystal 


3.6% 


36% 



Example 2 

[0113] Compound A in amorphous form (450 mg) obtained by freeze drying was dispersed In a solution of lactic acid/ 
glycolic acid copolymer (lactic acid/glycolic acid = 75/25, average molecular weight calculated as polystyrene = 10500) 
(3.96 g) in dichloromethane (4 ml) in which L-arginine (90 mg) had been dissolved. The drug in the dispersion was 
pulverized to microparticles using Polytron homogenizer. Then, s/o/w type emulsions were prepared using a homog- 
enizer in 0.2 (w/v)% aqueous PVA solution (800 ml) containing 2.7 {w/v)% sodium chloride. Then, the emulsions were 
slowly stirred with a conventional propeller agitator for 3 hours. After dichloromethane vaporized from the microcapsules 
and the microcapsules hardened, the microcapsules were collected by centrifugation and at the same time washed 
with purified water. The collected microcapsules were freeze-dried for a day to obtain powdery microcapsules. 
[0114] Table 2 shows the properties of the microcapsules obtained by this method. The microcapsules obtained by 
this method had an increased drug entrapment. 



Table 2 



Drug 


Content 


Entrapment 


Freeze-dried amorphous 


9.4% 


94% 



Example 3 

[0115] Compound A in amorphous form (450 mg) obtained by freeze drying was dispersed in a solution of lactic acid/ 
glycolic acid copolymer (lactic acid/glycolic acid = 75/25. average molecular weight calculated as polystyrene « 8400) 
(3.96 g) in dichloromethane (4 ml) in which L-arginine (90 mg) had been dissolved. The drug in the dispersion was 
pulverized to microparticles using Polytron homogenizer. Then, s/o/w type emulsions were prepared using a homog- 
enizer in 0.2 (w/v)% PVA aqueous solution (800 ml) containing 2.7 (w/v)% sodium chloride. Then, the emulsions were 
slowly stirred with a conventional propeller agitator for 3 hours. After dichloromethane vaporized from the microcapsules 
and the microcapsules hardened, the microcapsules were collected by centrifugation and at the same time washed 
with purified water. The collected microcapsules were freeze-dried for a day to obtain powdery microcapsules. 
[0116] The entrapment of the drug into the microcapsules obtained by this method was 98%. 

Example 4 

[0117] Compound A in amorphous form (1 50 mg) obtained by spray drying was dispersed in a solution of lactic acid/ 
glycolic acid copolymer (lactic acid/glycolic acid = 50/50, average molecular weight calculated as polystyrene = 8000) 
(4.26 g) in dichloromethane (4 ml) in which L-arginine (90 mg) had been dissolved. The drug in the dispersion was 
pulverized to microparticles using Polytron. Then, s/o/w type emulsions were prepared using a homogenizer in 0.2 (w/ 
v)% PVA aqueous solution (800 ml) containing 0.9 (w/v)% sodium chtoride. Then, the emulsions were slowly stirred 
with a conventional propeller agitator for 3 hours. After dichloromethane vaporized from the microcapsules and the 
microcapsules hardened, the microcapsules were collected by centrifugation and at the same time washed with purified 
water. The collected microcapsules were freeze^ried together with mannitol for a day to obtain powdery microcapsules. 

Comparative Example 5 

[011 8] Freeze-dried Compound A (300 mg) was dispersed in asolution of hydroxy butyric acid/glycolic acid copolymer 
(hydroxybutyric acid/glycolic acid = 50/50, average molecular weight calculated as polystyrene = 12000)(4.2 g) in 
dichforomethane (4 ml). The drug in the dispersion was pulverized to microparticles using Polytron homogenizer. Then, 
s/oAw type emulsions were prepared using a homogenizer in 0.2 (wA/)% PVA aqueous solution (1000 ml) containing 
1.8 (w/v)% sodium chloride. Then, the emulsions were slowly stirred with a conventional propeller agitator for 3 hours. 
After dichloromethane vaporized from the microcapsules and the microcapsules hardened, the microcapsules were 
collected by centrifugation and at the same time washed with purified water. The collected microcapsules were freeze- 
dried together with mannitol for a day to obtain powdery microcapsules. 
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Comparative Example 6 

[0119] Microcapsules were prepared according to the same manner as that described in Comparative Example 1 
except that the endotheline antagonist cyclo-[D-a-aspartyl-3-[{4-phenylpiperazln-1 -y!)carbonyl]-L-aIanyl-L'a-aspartyl- 
D-2-(2-thienyl)glycyl-L"leucyl-D-tryptophyl] sodium salt in amorphous form obtained by freeze drying and the endothe- 
line antagonist in crystalline form were used instead of Compound A. 

[0120] The entrapment of amorphous form of the drug into the microcapsules obtained by this method was about 
100%. 

Comparative Example 7 

[0121] Microcapsules were prepared in the same manner as that described in Comparative Example 1 except that 
the anti-platelet aggregation agent 4-{4-amidinobenzoylglycyl)-2-oxopiperazlne-1,3-diacetic acid hydrochloride in 
amorphous form obtained by freeze drying and the anti-platelet aggregation agent in crystalline form were used instead 
of Compound A. 

[0122] Table 3 shows the properties of the microcapsuies obtained in this method. 

[0123] The microcapsules containing amorphous form of the drug that were obtained by this method showed an 
entrapment of about 1 .5 times that of the microcapsules containing crystalline form of the drug. 



Table 3 



Drug 


Entrapment 


Freeze-dried amorphous 
Crystal 


65% 
42% 



Example 8 

[0124] The GPIIb/llla antagonist (Arg-Gly-Asp-Ser)tetramer in amorphous form (200 mg) obtained by freeze drying 
was dispersed in a solution cf lactic acid/gtycollc acid copolymer (lactic acld/glycolic acid - 90/10, average molecular 
weight calculated as polystyrene « 12000)(3.7 g) In dichtoromethane (4 ml) In which L-arglnine (100 mg) had been 
dissolved. The drug in the dispersion was pulverized to microparticles using Polytron homogenizer. Then, s/o/w type 
emulsions were prepared using a homogenizer in 0.5 (w/v)% PVA aqueous solution (800 ml) containing 2.7 (w/v)% 
sodium chloride cooled to 15®C. Then, the emulsions were slowly stirred with a conventional propeller agitator for 3 
hours. After dichloromethane vaporized and the microcapsules hardened, the microcapsules were collected by cen- 
trifugation and at the same time washed with purified water. The collected microcapsules were freeze-drled together 
with mannitoi for a day to obtain powdery microcapsules. 

Example 9 

[0125] The antibiotic cefoxitin sodium in amorphous form (150 mg) obtained by freeze drying was dispersed in a 
solution of hydroxybutyric acid/glycolic acid copolymer (hydroxy butyric acid/glycolic acid = 75/25. average molecular 
weight calculated as polystyrene = 1 4000)(4.7 g) in dichloromethane (4 ml) in which N-methylglucamine (150 mg) had 
been dissolved. The drug in the dispersion was pulverized to microparticles using Polytron homogenizer. Then, s/o/w 
type emulsions were prepared using a homogenizer in 0.2 (w/^)% PVA aqueous solution (800 ml) containing 15 (w/v) 
% mannitoi cooled to IS-'C. Then, the emulsions were slowly stirred with a conventional propeller agitator for 3 hours. 
After dichloromethane vaporized and the microcapsules hardened, the microcapsules were collected by centrifugation 
and at the same time washed with purified water. The collected microcapsules were freeze-dried together with mannitoi 
for a day to obtain powdery microcapsules. 

Example 10 

[0126] The bone resorption inhibitor 4-phenoxybutylaminomethylen-1 ,1 -bisphosphonate disodium salt in amorphous 
form (200 mg) obtained by freeze drying was'dispersed in a solution of lactic acid/glycolic acid copolymer (lactic acid/ 
glycolic acid = 90/10, average molecular weight calculated as polystyrene = 8400)(3.7 g) in dichloromethane (4 ml) in 
which L-arglnine (100 mg) had been dissolved. The drug in the dispersion was pulverized to microparticles using 
Polytron homogenizer. Then, s/o/w type emulsions were prepared using a homogenizer in 0.1 (w/v)% PVA aqueous 
solution (800 ml) containing 10 (w/v)% mannitoi cooled to 15°C. Then, the emulsions were slowly stirred with a con- 
ventional propeller agitator for 3 hours. After dichloromethane vaporized and the microcapsules hardened, the micro- 
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capsu les were collected by ce ntrifugation and at the same time washed with purified water. The coliected microcapsules 
were freeze-dried for a day to obtain powdery microcapsules. 

Test Example 1 

[0127] The microcapsules (20 mg/kg) obtained in Example 2 were subcutaneously administered to male SD rats 
weighing about 300 g. Fig. 1 shows the time-course changes of the plasma levels of Compound A. Effective blood 
levels (20-100 ng/ml) were maintained over 3 weel^s after the administration. 



Claims 

1 . A microcapsule comprising an amorphous water-soluble physiologically active substance and a polymer, which Is 
obtainable by dispersing in an aqueous phase a dispersion of an amorphous water-soluble physlologicaily active 
substance In a solution of a polymer in an organic solvent which additionally contains a basic substance to prepare 
an s/o/w type emulsion and subjecting the emulsion to in-water drying. 

2. The microcapsule according to claim 1 , which Is a sustained-release preparation. 

3. The microcapsule according to claim 1 , wherein the physiologically active substance is dispersed in the polymer 

4. The microcapsule according to claim 1 , wherein the amorphous water-soluble physiologically active substance is 
obtained from an aqueous solution of a water-soluble, physiologically active substance by a rapid drying process. 

5. The microcapsule according to claim 4, wherein the rapid drying process is freeze drying or spray drying. 

6. The microcapsule according to claim 1 , wherein the physiologically active substance is readily soluble In water. 

7. The microcapsule according to claim 1 , wherein the water-solubility of the physiologically active substance is not 
less than about 1 g / 100 ml at 2(y*C, 

8. The microcapsule according to claim 1 . wherein the water-solubility of the physiologically active substance is not 
less than about 5 g / 100 ml at 20**C. 

9. The microcapsule according to claim 1 . wherein the average particle size of the physiologically active substance 
is not more than about 10 |im. 

10. The microcapsule according to claim 1 . wherein the average particle size of the physiologically active substance 
is not more than about 1 ^m. 

11. The microcapsule according to claim 1. wherein the physiologically active substance is an acidic or neutral sub- 
stance. 

12. The microcapsule according to claim 6, wherein the physiologically active substance is a peptide compound. 

13. The microcapsule according to claim 12, wherein the peptide compound is a compound selected from the group 
consisting of a compound having LH-RH activity, an LH-RH antagonist, a GPIIb/llla antagonist, a compound having 
similar activity to GPIIb/llla antagonism, insulin, somatostatin, a somatostatin derivative, growth hormone, prolac- 
tin, adrenocorticotropic hormone (ACTH), melanocyte-stimulating hormone (IWSH), thyrotropin-releasing hormone 
(TRH) or a salt or derivative thereof, thyroid-stimulating hormone (TSH). luteinizing hormone (LH), follicle-stimu- 
lating hormone (FSH), parathyroid hormone (PTH) or a derivative thereof, an N-terminal peptide fragment (1-^34 
position) of human PTH, vasopressin, a vasopressin derivative, oxytocin, calcitonin, a calcitonin derivative having 
similar activity to calcitonin, glucagon, gastrin, secretin, pancreozymin, cholecystokinin, angiotensin, human pla- 
cental lactogen, human chorionic gonadotropin (HCG), enkephalin, an enkephalin derivative, endorphin, kyotor- 
phin, Interferon. Interleukin, tuftsin, thymopoietin, thymosthymlln. thymic humoral factor (THF), serum thymic factor 
(FTS), an FTS derivative, thymosin, thymic factor X, tumor necrosis factor (TNF), colony stimulating factor (CSF). 
motilin. dynorphin, bombesin, neurotensin, caerulein. bradykinin. urokinase, asparaginase, kallikrein, substance 
P. nerve growth factor, a blood coagulation factor, lysozyme hydrochloride, polymyxin B. colislin, gramicidin, bacl- 
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tracin, protein synthesis-stimulating peptide, gastric inhibitory polypeptide (GIP), vasoactive intestinal polypeptide 
(VIP), platelet-derived growth factor (PDGF), growth hormone-releasing factor (GRF). bone morphogenetic protein 
{BMP), epidermal growth factor (EGF), erythropoietin (EPO), and an endothelin antagonist or a salt or derivative 
thereof. 

1 4. The microcapsule according to claim 1 3, wherein the compound having LH-RH activity is a compound represented 
by the formula (I): 



(Pyr)Glu-Ri ■Trp-Ser-R2-R3-R4-Arg-Pro-R5 (|) 

wherein is His. Tyr, Trp or p-NHg-Phe; Rg is Tyr or Phe; R3 is Gly or a D-amino acid residue; R4 is Leu, lie or 
Nie; R5 is Gly-NH-Rg or NH-Rg in which Rg is H or lower alkyl optionally substituted with hydroxy, or a salts thereof. 

15. The microcapsule according to claim 1 4. wherein R^ is His. Rg is Tyr, R3 is D-Leu, R4 is Leu, and R5 is NHCH2-CH3. 

16. The microcapsule according to claim 13, wherein the LH-RH antagonist is N-(2S-tetrahydrofuroryl)Gly-3-(2-naph- 

thyl)-D-alanyl-(4-chloro)-D-Phe-3-(3-pyridyl)-D-Ala-L-Ser-N-methyl-L-Tyr-(N-e-nicotinyl)-D-Lys-L-Leu-(N-e-is 
propylj-L-Lys-L-Pro-D-Ala-NHg. 

17. The microcapsule according to claim 13. wherein the GPIIb/llla antagonist is barbourin. a peptide having the se- 
quence Arg-Gly-Asp. 

18. The microcapsule according to claim 17, wherein the peptide having the sequence Arg-Gly-Asp is a peptide se- 
lected from the group consisting of Arg-Gly-Asp-Ser, (Arg-Gly-Asp-Ser)tetramer, Gly-Arg-Gly-Asp-Ser-Pro, and 
cyclo-S,S-[Ac-Cys(N«-methyl)Arg-Gly-D-Asn-peniciliamine]-NH2). 

19. The microcapsule according to claim 13, wherein the compound having similar activity to GPIIb/llla antagonism 
is selected from the group consisting of (SH-[(4-amidinobenzoyl)glycyl]-3-methoxy.carbonylmethyl-2-oxopipera- 
zine-1 -acetic acid, 4-(4-amidlnobenzoylglycyl)-2-oxopipera2ine-1 ,3-diacetic acid hydrochloride, 2-S-(n-butylsulfo- 
nyl-amino)-3-[4-(N-piperidin-4-yl)butyloxyphenyl]propionic acid hydrochloride, L-Tyr-N-(butylsulfonyl)-0-[4-(4-pip- 
eridinyl)butyl] monohydrochloride, ethyl[4-[[4-(amino-imlnomethyl)phenyl]aminoI-1.4-dloxybutyl]amino-4-pen- 
tynoate, [1-[N-(p-amidinophenyl)-L-Tyrl-4-piperidinyl]acetlc acid, and cyclic[D-2-aminobutyryl-N-2-methyl-L-Arg- 
Gly-L-Asp-3-aminomethyl-benzoic acid] methanesulfonate. 

20. The microcapsule according to claim 13, wherein the endothelin antagonist is cyclo-[D-a-aspartyl-3-[{4-phenyl- 
plperazin-1-yl)carbonyl]-L-alanyl-L-a-aspartyl-D-2-(2-thienyl)glycyl-L-leucyl-D-tryptophyl] sodium salt. 

21. The compound according to claim 12, wherein the peptide compound is (S)-4-[(4-amidinobenzoyl)glycyl]-3-meth- 
oxy-carbonylmethyl-2-oxopipera2ine-1 -acetic acid. 

22. The microcapsule according to claim 1, wherein the physiologically active substance is (S)^-{4-guanidinoben- 
zoylamino)acetyl-3-[3-(4-guanidinobenzoylamino)propyll-2-oxopiperazine-1 -acetic acid hydrochloride. 

23. The microcapsule according to claim 1. wherein the physiologically active substance is (S)-4-(4-amidinobenzoyl- 
amIno)acetyl-3-[3-(4-amidinobenzoylamino)propyl]-2-oxopiperazlne-1 -acetic acid hydrochloride. 

24. The microcapsule according to claim 1. wherein the polymer is a biodegradable polymer. 

25. The microcapsule according to claim 24, wherein the biodegradable polymer is a polyester. 

26. The microcapsule according to claim 25, wherein the polyester is lactic acid/glyco(ic acid copolymer. 

27. The microcapsule according to claim 26, wherein the molar ratio of lactic acid/glycolic acid is 100/0 to 25/75. 

28. The microcapsule according to claim 27. wherein the molar ratio of lactic acid/glycolic acid is 100/0 to 50/50. 
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29. The microcapsule according to claim 26, wherein the weight-average molecular weight of lactic acid/glycolic acid 
copolymer is about 5,000 to about 30.000. 

30. The microcapsule according to claim 26, wherein the weight-average molecular weight of lactic acid/glycolic acid 
copolymer is about 5,000 to about 20,000. 

31. The microcapsule according to claim 25, wherein the polyester is hydro xybutyric acid/glycolic acid copolymer. 

32. The microcapsule according to claim 31, wherein the molar ratio of hydroxybutyric acid/glycolic acid is 100/0 to 
25/75. 

33- The microcapsule according to claim 32, wherein the molar ratio of hydroxybutyric acid/glycolic acid is 100/0 to 
50/50. 

34. The microcapsule according to claim 31, wherein the weight-average molecular weight of hydroxybutyric acid/ 
glycolic acid copolymer is about 5,000 to about 25,000. 

35. The microcapsule according to claim 34. wherein the weight-average molecular weight of hydroxybutyric acid/ 
glycolic acid copolymer is about 5,000 to about 20,000. 

36. The microcapsule according to claim 1, which is for treating a disease in the circulatory system. 

37. The microcapsule according to claim 1, which is for treating thrombosis. 

38. The microcapsule according to claim 1, wherein the concentration of the physiologically active substance in the 
solution of a polymer in an organic solvent is about 0.01% to about 70% (WA/V). 

39. The microcapsule according to claim 1 , wherein the basic substance is a basic amino acid. 

40. The microcapsule according to claim 1 , wherein the basic substance is L-arginine. 

41. The microcapsule according to claim 1. wherein the basic substance Is N-methylglucamlne. 

42. The microcapsule according to claim 1 , wherein the concentration of the basic substance in the solution of a 
polymer in an organic solvent is about 0.1% to about 3% (W/W). 

43. The microcapsule according to claim 1, wherein the aqueous phase additionally contains an osmotic pressure 
adjustor. 

44. The microcapsule according to claim 43, wherein the osmotic pressure adjustor is a salt 

45. The microcapsule according to claim 44, wherein the salt is sodium chloride. 

46. A process for producing a microcapsule, which comprises dispersing in an aqueous phase a dispersion of an 
amoiphous water-soluble physralogically active substance in a solution of a polymer in an organic solvent which 
additionally contains a basic substance to prepare an s/otw type emulsion and subjecting the emulsion to in-water 
drying. 

47. Use of an amorphous water-soluble physiologically active substance, a basic substance and a polymer for man- 
ufacture of a microcapsule according to claim 1. 

Patentanspruche 

1 . Eine Mikrokapsel, enthaltend eine amorphe wasserlosliche physiologisch aktive Substanz und ein Polymer, welche 
erhaltlich ist durch ein Dispergieren in einer wa6rigen Phase einer Dispersion einer amorphen wasserl6slichen 
physiologisch aktiven Substanz in einer Losung eines Polymers in einem organischen Losungsmittel, welche zu- 
satzlich eine basische Substanz enthalt, urn eine Emulsion vom s/o/w-Typ herzustellen, und ein Unterziehen der 
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Emulsion unter eine Trocknung in Wasser (in-water drying). 

2. Die Mlkrol^psel gemaB Anspruch 1 , welche ein Praparat mit verzogerter Freisetzung ist 

3. Die ly^ikrokapsel gemaB Anspruch 1 , wobei die physiologisch aktive Substanz In dem Polymer dispergiert ist. 

4. Die MIkrokapsel gemaB Anspruch 1 , wobei die amorphe wasserlosliche physiologisch aktive Substanz aus einer 
waBrigen Losung einer wasserloslichen physiologisch aktiven Substanz durch ein schnelles Trockenverfahren 
erhalten wird. 

5. Die Mikrokapsel gemaB Anspruch 4, wobei das schnelle Trockenverfahren Gef riertrocknen oder Spruhtrocknen ist 

6. Die Mikrokapsel gemaB Anspruch 1 , wobei die phystologisch aktive Substanz leicht in \Afasser loslich ist. 

7. Die Mikrokapsel gemaB Anspruch 1 , wobei die Wasserlosiichkelt der physiologisch aktiven Substanz nicht weniger 
als ca. 1 g / 100 ml bei ZO^'C betragt. 

8. Die Mikrokapsel gemSB Anspruch 1 , wobei die Wasserloslichkeit der physiologisch aktiven Substanz nteht weniger 
als ca. 5 g / 1 00 ml bei 20*0 betragt. 

9. Die MikrokapselgemaB Anspruch 1, wobeidiedurchschnittlicheTeilchengroBederphysiologisch aktiven Substanz 
nicht mehr als ca. 1 0 ^m betragt. 

10. Die MikrokapselgemaB Anspruch 1, wobei die durchschnittltche TeilchengroBe der physiologisch aktiven Substanz 
nicht mehr als ca. 1 ^m betragt. 

11. Die Mikrokapsel gemaB Anspruch 1. wobei die physiologisch aktive Substanz eine saure Oder neutrale Substanz 
isL 

12. Die Mikrokapsel gemSB Anspruch 6, wobei die physiologisch aktive Substanz eine Peptldverbindung ist. 

13. Die Mikrokapsel gemSB Anspruch 12, wobei die Peptldverbindung eine Verbindung Ist, die ausgewahit ist aus der 
Gruppe bestehend aus einer Verbindung mit LH-RH-Aktlvitat, einem LH-RH-Antagonlsten, einem GPIIb/llla-Ant- 
agonisten. einer Verbindung mit einer ahnllchen Aktivltat wie ein GPIIb/llla-Antagonismus, Insulin. Somatostatin, 
einem Somatostatlnderivat, Wachstumshormon, Prolactin, adrenocorticotropem Hormon (ACTH)', Melanozyten- 
stimulierendem Hormon (MSH). Thyreotropin-frelsetzendem Hormon (TRH) oder einem Salz oder Derivat davon 
Thyreotropin (TSH). Lutelnisierungshormon (LH). foilikelstimulierendem Hormon (FSH). Parathormon (PTH)oder 
einem Derivat davon. einem N-terminalen Peptldfragment (Position 1-34) von menschlichem PTH, Vasopressin, 
einem Vasopressinderivat, Oxytocin, Calcitonin, einem Calcitoninderivat mit einer ahnllchen Aktivitkt wie Calcito- 
nin, Glucagon. Gastrin, Sekretin, Pankreozymin, Cholezystokinin. Angiotensin, menschlichem Plazentalaktogen. 
menschlichem Choriongonadotropln (HCG), Enkephalin, einem Enkephalinderivat, Endorphin. Kyotorphin, Inter- 
feron. Interleukin. Tuftsin, Thymopoietin, Thymostimulln (thymosthymlin), Thymus-Serum-Faktor (THF). Serum- 
Thymus-Faktor (FTS). einem FTS-Derivat, Thymosin, Thymus-Faktor X, Tumornekrosefaktor (TNF), kolonlestl- 
mulierendem Faktor (CSF). Motilin, Dynorphin, Bombesin. Neurotensin. Caeruleln. Bradykinin, Urokinase. Aspa- 
raginase, Kallikrein. Substanz P. Nervenwachstumsfaktor, einem Blutgerlnnungsfaktor, Lysozymhydrochlorid, Po- 
lymyxin B. Colistin, Gramfcidin, Bacitracin, Proteinsynthese-stlmulierendem Peptid. gastrischem inhibitorischem 
Polypeptid (GIP). vasoaktivem intestinalem Polypeptid (VIP), von Thrombozyten gebildetem Wachstumsfaktor 
(PDGF), Wachstumshormonfreisetzendem Faktor (GRF), morphogenetischem Knochenprotein (BMP), epiderma- 
lem Wachstumsfaktor (EGF), Erythropoietin (EPO). und einem Endothelin-Antagonisten oder einem Salz oder 
Derivat davon. 

14. Die Mikrokapsel gemSB Anspruch 13, wobei die Verbindung, die eine LH-RH-Aktlvitat aufwelst, eine Verbindung 
ist, welche durch die Formel (I) dargestefit wird: 

(Pyr)Glu-R, -Trp-Ser-Rg-Rg-R^-Arg-Pro-Rg (|) 
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wobei Ri His, Tyr, Trp oder p-NHg-Phe ist; Rg Tyr oder Phe ist; R3 Gly Oder ein D-Amlnosaurerest ist; R4 Leu, lie 
Oder NIe ist; R5 Gly-NH-Rg oder NH-Rq ist, worin Rg H Oder ein niederes Alky! Ist, das gegebenenfalls mit Hydroxy 
substituiert Ist, Oder ein Salz davon. 

15. Die MIkrokapsel gema3 Anspruch 1 4. wobei Ri His ist. Rg Tyr ist, R3 D-Leu ist, R4 Leu ist, und R5 NHCH2-CH3 ist 

16. Die Mikrokapse! gemaS Anspruch 13, wobei der LH-RH-Antagonist N-(2S-Tetrahydrofuroryl)Gly-3-(2-naphthyl)- 
D-alanyl-{4-chlor)-0-Phe-3-(3-pyridyl)-D-Ala-L-Ser-N-rnethyl-L-Tyr-(N-e-nlcotiriyl)-D-Lys-L-Leu-(N-e-f^^^ 
L-Lys-L-Pro-D-Ala-NHg isL 

17. Die Mikrokapsel gemaB Anspruch 1 3. wobei der GPIIb/llla-Antagonist Barbourin, ein Peptid mit der Sequenz Arg- 
Gly-Asp, ist 

18. Die Mikrokapsel gemaB Anspruch 17, wobei das Peptid mit der Sequenz Arg-Gly-Asp ein Peptid ist, das ausge- 
wahlt ist aus der Gruppe bestehend aus Arg-Gly-Asp-Ser. (Arg-Gly-Asp-Ser)-Tetramer, Gly-Arg-Gly-Asp-Ser-Pro 
und Cyclo-S,S-[Ac-Cys(N«-methyl)Arg-Gly-D-Asn-Peniclllamin]-NH2) ist 

19. Die Mikrokapsel gemaB Anspruch 13, wobei die Verbindung mit einer ahnlichen Aktivitat wie ein GPIIb/ll la-Ant- 
agonlsmus ausgewahit ist aus der Gruppe bestehend aus (S)-4-[(4-Amidinobenzoyl)glycyl]-3-methoxy-carbonyj- 
methyl-2-oxopiperazin-1^ssigsaure, 4-(4-Amidinobenzoylglycyl)-2-oxopiperazin-1,3-diessigsaurehydrochlorid, 
2-S-(n-Butylsulfonyl-amino)-3-[4-(N-piperidin-4-yl)buty(oxyphenyllpropionsaurehydrochlorid, L-Tyr-N-(butylsulfo- 
nyl)-0-[4-(4-piperidinyl)butyl]monohydrochlorid, Ethyl[4-[[4-(aminoiminomethyl)phenyl]amlno]-1,4-dioxybutyl] 
amino-4-pentynoat, [1 -[N-(p-Amidinophenyl)-L-Tyr]-4-piperidinyl]essigsaure und Cycto-[D-2-Amlnobutyryl-N- 
2-methyl-L-Arg-Gly-L-Asp-3-amlnomethyl-benzoesaure]methansulfonat 

20- Die Mikrokapsel gemaB Anspruch 1 3, wobei der Endothelin-Antagonist Cyclo-[D-a-aspartyl-3-[(4-phenylpiperazin- 
1-yl)carbonyl]-L-alanyl-L-a-aspartyl-D-2-(2-thlenyl)glycyl-L-leucyl-D-tryptophyl]-Natriumsalz ist. 

21. Die Verbindung gemaB Anspruch 12, wobei die Peptidverblndung (S)-4-[(4-AmWinobenzoyl)glycyl]-3-methoxy- 
carbonylmethyl-2-oxopiperazin'1 -essigsaure ist 

22. Die Mikrokapsel gemaB Anspruch 1 , wobei die physiologisch aktive Substanz (S)-4-(4-Guanidinobenzoylamino) 
acetyl-3-[3-(4-guanidinobenzoylamino)propyl]-2-oxopiperazin-1-essigsaurehydrochlorid ist. 

23. Die Mikrokapsel gemaB Anspruch 1 , wobei die physiologisch aktive Substanz (S)-4-(4-Amidinobenzoylamino)ace- 
tyl-3-[3-(4-amidinobenzoylamino)propyl]-2-oxopiperazm-1-esslgsSurehydrochlorid Ist 

24. Die Mikrokapsel gemSB Anspruch 1, wobei das Polymer ein blologisch abbaubares Polymer ist. 

25. Die Mikrokapsel gemaB Anspnjch 24, wobei das biologisch abbaubare Polymer ein Polyester ist. 

26. Die Mikrokapsel gemaB Anspruch 25. wobei der Polyester ein Milchsaure/Glycolsaure-Copolymer ist 

27. Die Mikrokapsel gemaB Anspruch 26, wobei das Molverhaitnis von Milchsaure/Glycolsaure 1 00/0 bis 25/75 betrSgt 

28. Die Mikrokapsel gemSB Anspruch 27, wobei das Molverhaitnis von Milchsaure/Glycolsaure 1 00/0 bis 50/50 betragt 

29. Die Mikrokapsel gemaB Anspruch 26, wobei die massegemillelte MolekQImasse des Milchsaure/Glycolsaure-Co- 
polymers ca, 5.000 bis ca. 30.000 betragt 

30. Die Mikrokapsel gemaB Anspruch 26, wobei die massegemittelte Molekulmasse des Milchsaure/GIycolsaure-Co- 
polymers ca. 5.000 bis ca. 20.000 betragt 

31. Die Mikrokapsel gemaS Anspruch 25, wobei der Polyester ein Hydroxybuttersaure/Glycolsaure-Copolymer ist. 

32. Die Mikrokapsel gemaB Anspruch 31, wobei das Molverhaitnis von Hydroxybuttersaure/Glycolsaure 100/0 bis 
25/75 betragt 
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33. Die Mikrokapsel gemaB Anspruch 32, wobei das Molverh§ltnis von Hydroxybutters3ure/Glycolsaure 100/0 bis 
50/50 betragt. 

34. Die Mikrokapsel gemaB Anspruch 31 , wobei die massegemittelte MoiekOlmasse des Hydroxybuttersaure/GIycol- 
saure-Copolymers ca. 5.000 bis ca. 25.000 betragt. 

35. Die Mikrokapsel gemaB Anspruch 34, wobei die massegemittelte Molekulmasse des Hydroxybuttersaure/Glycol- 
sdure-Copolymers ca. 5.000 bis ca. 20.000 betragt. 

36. Die Mikrokapsel gemaB Anspruch 1, welche zur Behandlung einer Erkrankung des Kreislaufsystems dient. 

37. Die Mikrokapsel gemaB Anspruch 1 , welche zur Behandlung von Thrombose dient. 

38. Die Mikrokapsel gemaB Anspruch 1, wobei die Konzentration der physiologisch aktiven Substanz in der Losung 
eines Polymers in einem organlschen Losungsmlttel ca. 0,01% bisca. 70% (wAw) betragt. 

39. Die Mikrokapsel gemaB Anspruch 1 , wobei die basische Substanz eine bastsche Aminosaure ist. 

40. Die Mikrokapsel gemaB Anspruch 1 , wobei die basische Substanz L-Arginin ist. 

41. Die Mikrokapsel gemaB Anspruch 1, wobei die basische Substanz N-Methylglucamin Ist 

42. Die Mikrokapsel gemaB Anspruch 1 , wobei die Konzentration der basischen Substanz In der Losung eines Poly- 
mers in einem organischen Losungsmlttel ca. 0,1% bis ca. 3% (w/W) betragt. 

43. Die Mikrokapsel gemaB Anspruch 1 , wobei die waBrige Phase zusatzlich ein Mittet zur Einsteilung des osmotischen 
Drucks enthatt. 

44. Die Mikrokapsel gemSB Anspruch 43, wobei das Mittel zur Einsteilung des osmotischen Drucks ein Salz Ist. 

45. Die Mikrokapsel gemaB Anspajch 44, wobei das Salz Natrlumchlorid ist. 

46. Ein Verfahren zur Herstetlung einer Mikrokapsel. welches ein Dispergieren in einer waBrigen Phase einer Disper- 
sion einer amorphen wasserloslichen physiologisch aktiven Substanz in einer Losung eines Polymers in einem 
organischen Losungsmlttel, welche zusatzlich eine basische Substanz enthalt, um eine Emulsion vom s/o/w-Typ 
herzustellen, und ein Unterzlehen der Emulsion unter eine Trocknung in Wasser umfaBt. 

47. Verarendung einer amorphen wasserldslichen physiologisch aktiven Substanz. einer basischen Substanz und ei- 
nes Polymers zur Herstellung einer Mikrokapsel gemaB Anspruch 1 . 



Revendlcatlons 

1. Microcapsule comprenant une substance amorphe hydrosoluble physiologiquement active et un polym6re, que 
ron peut obtenir en dispersant, dans une phase aqueuse. une dispersion d*une substance amorphe hydrosoluble 
physiologiquement active dans une solution d'un polym^re dans un solvant organique contenant en outre une 
substance basique, de mani6re k preparer une emulsion de type solide/huile/eau. et en soumettant I'emulsion ^ 
un sdchage dans I'eau. 

2. Microcapsule selon la revendication 1 . qui est une preparation d liberation prolong6e. 

3. Microcapsule selon la revendication 1 , dans laquelle la substance physiologiquement active est dispers6e dans 
le polym^re. 

4. Microcapsule selon la revendication 1 , dans laquelle la substance amorphe hydrosoluble physiologiquement active 
est obtenue ^ partir d'une solution aqueuse d'une substance hydrosoluble physiologiquement active par un pre- 
cede de sechage rapide. 



19 



EP0709 085 B1 



5. Microcapsule selon la revendication 4, dans laquelle le proc^dd de s^chage rapide est lyophilis^ ou s6ch6 par 
pulverisation. 

6. Microcapsule selon la revendication 1 , dans laquelle la substance physiobgiquement active est facllement soluble 
dans I'eau. 

7. Microcapsule selon la revendication 1, dans laquelle la solubility dans I'eau de la substance physiologiquement 
active est au moins 6gale k environ 1 g/100 ml k 20 °C. 

8. Microcapsule selon la revendication 1 , dans laquelle la solubility dans I'eau de la substance physiologiquement 
active est au moins ^gale k environ 5 g/100 ml d 20 ""C. 

9. Microcapsule selon la revendication 1 , dans laquelle la taille moyenne des particules de la substance physiologi- 
quement active ne d^passe pas environ 10 p.m. 

10. Microcapsule selon la revendication 1 , dans laquelle la taille moyenne des particules de la substance physiologi- 
quement active ne d^passe pas environ 1 ^im. 

11. Microcapsule selon la revendication 1, dans laquelle la substance physiologiquement active est une substance 
acide ou neutre. 

12. Microcapsule selon la revendication 6, dans laquelle la substance physiologiquement active est un peptide. 

13. Microcapsule selon la revendication 1 2, dans laquelle le peptide est choisi dans le grcupe form6 par un compos6 
k activite LH-RH. un antagoniste de la LH-RH. un antagoniste GPIIb/llla, un compose ayant une activity similaire 
k celle d'un antagoniste GPIIb/llla, I'lnsuline, la somatostatine, un d6riv6 de somatostatin^ I'hormone de crois- 
sance, la prolactine, rhormone adr6nocorticotropique (ACTH), I'hormone stimulant les melanocytes (MSH), rhor- 
mone de liberation de thyrotroplne (TRH) ou un sel ou d6riv6 de celle-ci, I'hormone de stimulation de la thyroTde 
(TSH), I'hormone Iut6inisante (LH). I'hormone de stimulation des foilicules (FSH), I'hormone parathyroTdienne 
(PTH) ou un derive de celul-ci. un fragment peptidlque N-terminal (position 1 k 34) de la PTH humaine, la vaso- 
pressine, un derive de la vasopresslne, Toxytocine, la calcitonine, un derive de calcitonine ayant une activite si- 
milaire k celle de la calcitonine, le glucagone, la gastrine, la secretine, la pancreozymine, la cholecystokinine. 
I'angiotensine, le lactogene placentaire humain, la gonadotropine chorionique humaine (HCG), l'enc6phaline, un 
derive de I'encephaline, I'endorphine, la kyotorphine, I'interferon, les interleuklnes, la tuftsine, ia thymopoTetine, la 
thymosthymline, le facteur humoral thymique (THF), le facteur ihymique du serum (FTS), un derive du FTS,' la 
thymosine, le facteur thymique X. le facteur de necrose des tumeurs (TNF), le facteur de stimulation des colonies 
(CSF), la motiline, la dynorphine. la bombesine, la neurotensine. la caeruteine, la bradyklnine, furokinase, I'aspa- 
raginase, la kallikreine, la substance P, le facteur de croissance des nerfs, un facteur de coagulation du sang, le 
chlorhydrate de lysozyme, la polymyxine B. la colistine, la gramicidine, la bacitracine, le peptide de stimulation'de 
la synthese proteique, le polypeptide inhibiteur gastrique (GIP), le polypeptide vasoactif intestinal (VIP), le facteur 
de croissance derive des plaquettes (PDGF), le facteur de liberation de I'hormone de croissance (GRF), la proteine 
de la morphogenese osseuse (BMP), ie facteur de croissance epidermique (EGF). rerythropotetine (EPO) et un 
antagoniste de I'endotheiine ou un sel ou derive de celui-ci. 

14. Microcapsule selon la revendication 13, dans lequel ie compose ayant une activite LH-RH est un compose repre- 
sente par la fbrmule (I) 



(Pyr)Glu-R^ -Trp-Ser-R2-R3-R4-Arg-Pro-R5 (|) 

oD Ri est un residu His. Tyr. Trp ou p-NHg-Phe, Rg est un residu Tyr ou Phe, R3 est un residu Gly ou un D- 
aminoacide, R4 est un residu Leu. lie ou NIe, R5 est un residu Gly-NH-Rg ou NH-R^ ou Rg represente un atome 
d'hydrogene ou un groupement alkyle inferleur eventuellement hydroxyie, ou un sel d'un tel compose. 

15. Microcapsule selon la revendication 14. dans laquelle R, represente His, Rg represente Tyr. R3 est D-Leu, R. est 
Leu et Rg est un groupe NHCH2-CH3. 
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16. Microcapsule seion la revendication 13. dans laquelle I'antagoniste de LH-RH est N-(2S-t6lrahydfofuroryl)Gly-3- 
(2-naphtyl)-D-alanyl-{4-chloro)-D-Phe-3-(3-pyridyl)-D-Ala-L-Ser-N'm6thyl-L-Tyr-{N-e-nto^ 
e-isopropyl)-L-Lys-L-Pro-D-Ala.NH2. 

17. Microcapsule selon la revendication 13. dans laquelle I'antagoniste GPIIb/llla est la barbourine. un peptide ayant 
la sequence Arg-Lgy-Asp. 

18. Microcapsule selon la revendication 17, dans laquelle le peptide ayant la sequence Arg-Gly-Asp est un peptide 
choisi dans le groupe form6 par Arg-Gly-Asp-Ser. (Arg-Gly-Asp-Ser)t6tramere, Gly-Arg-Gly-Asp-Ser-Pro et cyclo- 
S.S-[Ac-Cys(Na-methyl)Arg-Gly-D-Asn-penlcillamine)-NH2). 

19. Microcapsule selon la revendication 1 3, dans laquelle le compos6 ayant une activity similaire k ceile d'un antago- 
niste GPIIb/llla est choisi dans le groupe form6 par (S)-4-[(4-amidinobenzoyl)glycyl]-3-m6thoxy-carbonylm6thyl- 
2-oxopip6ra2ine-1-acide ac6tique, le chlorhydrate de 4-(4-amidinobenzoylglycyl)-2-oxoplp6razine-1,3-diaclde 
ac6tique. le chlorhydrate de 2-S-(n-butylsulfonyl-amino)-3-[4-(N-pip6ridin-4-yl)butyloxyph6nyl]-acide propionique, 
le monochlorhydrate de L-Tyr-N-{butylsulfonyl)-0-[4-(4-pip6ridinyl)butylel, le [4-[[4-amino-imlnom6thyl)ph6nyl] 
amino]-1.4-dioxybutyl]-amino-4-pentynoate d'6thyle, le [1-[N-{p-amidlnoph6nyl)-L-Tyr]-4-pip6ridinyl)-acide ac6ti- 
que, et le [D-2-aminobutyryl-N-2-m6thyl-L-Arg-Gly-L-Asp-3-amlnom6thyl-acide benzoTque)-m6thane-sulfonate 
cyclique. 

20. Microcapsule selon la revendication 13. dans laquelle Tantagoniste de I'endothellne est le cyclo-[D-a-aspartyl-3- 

[{4-phenylpiperazin-1-yl)carbonyl]-L-alanyl-L-a-aspartyl-D-2-(2-thi6nyl)glycyl-L-leucyl-D-t^^^ sous forme 
de sel sodique. 

21 . Microcapsule selon la revendication 1 2. dans laquelle le compos6 peptidique est I'acide (S)-4-[(4-amldinobenzoyl) 
glycyt]-3-m6thoxy-carbonylm6thyl-2-oxopip6razlne-1-ac6tique. 

22. Microcapsule selon la revendication 1, dans laquelle la substance physiologiquement active est le chlorhydrate 

de raclde (S)-4-(4-guanidino-benzoylamino)ac6lyl-3-[3-(4-guanldlnobenzoylamino)-propyl].2-oxopip6razine- 
1-ac6tlque. 

23. Microcapsule selon la revendication 1. dans laquelle la substance physiologiquement active est le chlorhydrate 

de I'acide (S)-4-(4-amidinobenzoylamino)-acetyl-3-[3-(4-amidinobenzoylamino)propyl]-2-oxopiperazine-1-ac6ti- 
que. 

24. Microcapsule selon la revendication 1 . dans laquelle le polym6re est un polymSre biodegradable, 

25. Microcapsule selon la revendication 24, dans laquelle le polym^re biodegradable est un polyester. 

26. Microcapsule selon la revendication 25, dans laquelle le polyester est un copolymdre d'acide lactique et d'acide 
glycolique. 

27. Microcapsule selon la revendication 26. dans laquelle le rapport molaire acide lactique/aclde glycolique est compris 
entre 100/0 et 25/75. ^ p 

28. Microcapsule selon la revendication 27, dans laquelle le rapport molaire acide lactique/aclde glycolique estcomoris 
entre 100/0 et 50/50. 

29. Microcapsule selon la revendication 27, dans laquelle la masse moleculaire moyenne en poids du copolym6re 
d'acide lactique et d'acide glycolique est comprise entre environ 5000 et environ 30 000. 

30. Microcapsule selon la revendication 26, dans laquelle la masse moI6culaire moyenne en poids est comprise entre 
environ 5000 et environ 20 000. 

31. Microcapsule selon la revendication 25. dans laquelle le polyester est un copolym6re d'acide hydroxybutyrique et 
d'acide glycolique. 

32. Microcapsule selon ia revendication 31, dans laquelle le rapport molaire acide hydroxybutyrique/acide glycolique 
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est compris entre 100/0 et 25/75. 

33. Microcapsule seton la revendlcation 32, dans laquelle le rapport molaire acide hydroxybutyrique/acide glycolique 
est compris entre 100/0 et 50/50. 

34. Microcapsule selon la revendication 31, dans laquelle la masse mol6culaire moyenne en poids du copolym^re 
d'acide hydroxybutyrique et d'acide glycolique est comprise entre environ 5000 et environ 25 000. 

35. Microcapsule selon la revendication 34, dans laquelle la masse mol6culaire moyenne en poids du copolymdre 
d'acide hydroxybutyrique et d'acide glycolique est comprise entre environ 5000 et environ 20 000. 

36. Microcapsule selon la revendication 1 destin6e au traitement d'une maladie du syst6me circulatoire. 

37. Microcapsule selon la revendication 1 desttn^e au traitement d'une thrombose. 

38. Microcapsule selon la revendication 1. dans laquelle ta concentration de la substance physiologiquement active 
dans la solution d'un polym6re dans un solvant organique est comprise entre environ 0,01 % et environ 70 % 
(poids/poids). 

39. Microcapsule selon la revendication 1. dans laquelle la substance basique est un aminoacide baslque. 

40. Microcapsule selon la revendication 1, dans laquelle la substance basique est la L-arglnine. 

41. Microcapsule selon la revendication 1 , dans laquelle ta substance basique est la N-m6thylglucamine. 

42. Microcapsule selon la revendication 1 , dans laquelle la concentration de la substance basique dans la solution 
d'un polym6re dans un solvant organique est comprise entre environ 0,1 % et environ 3 % (poids/|K)lds). 

43. Microcapsule selon la revendication 1 , dans laquelle la phase aqueuse suppl^mentaire contlent un agent d'ajus- 
tement de la pression osmotique. 

44. Microcapsule selon la revendication 43. dans laquelle I'agent d'ajustement de la pression osmotique est un sel. 

45. Microcapsule selon la revendication 44 dans laquelle le sel est le chlorure de sodium. 

46. Proc6de de preparation d'une microcapsule, comprenant le faitde disperser, dans une phase aqueuse, une dis- 
persion d'une substance amorphe hydrosoluble physiologiquement active dans une solution d'un polyrnere dans 
un solvent organique contenant en outre une substance basique, de manidre k preparer une Emulsion de type 
solide/huile/eau, et de soumettre I'^mulsion k un stehage dans I'eau. 

47. Utilisation d'une substance amorphe hydrosoluble physiologiquement active, d'une substance basique et d'un 
polym6re pour la fabrication d'une microcapsule selon la revendication 1 . 
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